In reservoirs, seasonal drawdown can alter the physical environment and may influence predatory fish performance. We investigated the performance of lake trout (Salvelinus namaycush) in a western reservoir by coupling field measurements with visual foraging and bioenergetic models at four distinct states (early summer, mid-summer, late summer, and fall). The models suggested that lake trout prey, juvenile kokanee (Oncorhynchus nerka), are limited seasonally by suitable temperature and dissolved oxygen. Accordingly, prey densities were greatest in late summer when reservoir volume was lowest and fish were concentrated by stratification. Prey encounter rates (up to 68 fish·day −1 ) and predator consumption are also predicted to be greatest during late summer. However, our models suggested that turbidity negatively correlates with prey detection and consumption across reservoir states. Under the most turbid conditions, lake trout did not meet physiological demands; however, during less turbid periods, predator consumption reached maximum bioenergetic efficiency. Overall, our findings demonstrate that rapid reservoir fluctuations and associated abiotic conditions can influence predator-prey interactions, and our models describe the potential impacts of water level fluctuation on valuable sport fishes.
Introduction
Reservoir water quality and availability can change temporally and spatially as a result of climate-driven variation in physical, chemical, and biological conditions (Williamson et al. 2009; Carpenter et al. 2011b) . Ecosystem-level changes may be natural, anthropogenic, or both (e.g., landscape position, exploitation, water use by humans, nutrient inputs; Poff et al. 1997; Landres et al. 1999; Meyer et al. 1999) . Recent research on lakes and reservoirs has focused on predicting abrupt, long-lasting changes in ecosystem states (e.g., Biggs et al. 2009; Carpenter et al. 2011a) , whereas short-term changes such as algal blooms and fish migrations are more predictable by season (Carlsson and Caron 2001; MacAvoy et al. 2001) . However, humans often exploit or interrupt these seasonal patterns with little understanding of the implications for aquatic biota and ecosystem processes (Walters et al. 2000; Hobbs et al. 2006) .
Water availability is altered via natural variation (e.g., precipitation, drought) and human use (e.g., irrigation diversions, reservoir drawdown), and associated changes in water volume or elevation can have direct and indirect effects on fishes (Lytle and Poff 2004; Xenopoulos et al. 2005) . The effects of water-level fluctuations in the littoral zone of standing waters are easily recognized and increasingly understood and managed (Sass et al. 2012; Gaeta et al. 2014) , but important physical and biological interactions in the pelagic zones of dynamic lakes and reservoirs are less understood (Schindler and Scheuerell 2002) . Although predatorprey interactions have been quantified under a variety of physical and biological conditions (Adams et al. 1982; Horppila et al. 2004) , and shifts in pelagic food webs can even induce changes in the physical environment (e.g., trophic cascades; see Carpenter and Kitchell 1993) , predicting predator-prey interactions and the performance of predators when subjected to a pelagic zone influence by anthropogenic-driven variability in water quality and volume can be difficult.
In the western United States, many reservoirs are subjected to large-scale and dynamic seasonal fluctuations as a result of water availability and designated use (Cayan et al. 1999; Barnett et al. 2005) . Water availability can be predicted by forecasting regional snowpack and precipitation; however, availability is still highly dynamic across years, creating extreme fluctuations in reservoir storage (Garen 1993) . Consequently, biota in western reservoirs are often subjected to stressful temperature and dissolved oxygen conditions, especially during summer months when temperatures are warmest and water demand is greatest (Moss 1985; Feder and Hofmann 1999) . Despite these dynamic conditions, many western reservoirs support extremely valuable salmonid fisheries that are often maintained via expensive stocking programs (Johnson et al. 1995) . Seasonal fluctuations of these reservoirs may affect food web dynamics and sport fish condition (Johnson and Martinez 2012) .
It is likely that the foraging success of fishes in fluctuating reservoir ecosystems will be limited by water temperature, turbidity, and prey density, which strongly vary seasonally with reservoir elevation. Salmonid visual foraging volume is often greatest during high light intensity and lowest turbidity, and visual foraging efficiency is greatest when prey densities are highest and reaction distance is not limited (Beauchamp et al. 1999) . However, these limiting factors can change daily and across seasons based on water management practices. Providing a better understanding of predator-prey interactions in dynamic reservoirs is a challenge, but the ability to quantify and predict these interactions would allow for better management of fisheries and water resources alike (Renwick 2001; Cooke et al. 2005) .
In this study, we tested for lake trout foraging success and growth potential in the pelagic zone of a reservoir in northeastern Utah exposed to extreme fluctuations in volume seasonally. We measured abiotic conditions in a low-water (typical) year and a high-water year. We then used these conditions coupled with field-based prey estimates in visual foraging and bioenergetics models to test the following hypothesis: growth potential of sport fishes is greatest when reservoir volume is stable. Alternatively, fluctuations in reservoir volume and, accordingly, prey densities could produce seasonal periods of high growth potential.
Methods

Study area
Impoundments of the Uintah and Ouray Reservation in northeastern Utah experience a wide range of seasonal water levels based on location in the landscape and designated use (e.g., irrigation, recreation). We monitored physical and biological factors in Twin Pots Reservoir during a typical water year (2010) in which reservoir levels fluctuated seasonally ( Fig. 1; Table 1 ). For comparison, we also measured fall reservoir conditions in a year when water levels remained relatively stable throughout the summer (2011; e.g., 2011 mid-summer and late summer conditions similar to 2010 mid-summer conditions). Twin Pots Reservoir is a midelevation (2325 m), cool water, dimictic reservoir that usually stratifies from late June to late September. Water use is regulated by the Moon Lake Water Users Association as part of the Lake Fork canal system, while the fishery is managed by the Ute Tribe Fish and Wildlife Department. In a typical water year, Twin Pots Reservoir starts at maximum pool (capacity = 5.11 × 10 6 m 3 ), the water is clearest in late spring, and water levels decline throughout the summer, reaching minimum levels (approximate capacity = 1.27 × 10 6 m 3 ) just prior to the end of the water year on 1 October. The reservoir rapidly fills from an upstream canal system during the fall (October-November) to minimize winter kill of sport fish and still allow for storage of spring snowmelt (Fig. 2) . This refill often initiates fall turnover; however, the rapid refill also creates extremely turbid water as organic sediments are resuspended. To track seasonal fluctuations in reservoir volume, we developed a bathymetric map of the reservoir at full pool using a survey GPS (shoreline) combined with transects from a boat-mounted depth sounder GPS (open water; e.g., Odhiambo and Boss 2004; Heyman et al. 2007 ). We then calculated reservoir volume using ArcGIS 10.1 (ESRI 2012) at distinct water levels across the year.
To examine potential physiological constraints for cold water fishes in Twin Pots Reservoir, we measured limnological factors during the 2010 and 2011 growing seasons (May-October). To minimize diel variability, we completed measurements between 1000 and 1400 h for monthly (2010) and biweekly (2011) sampling at the deepest point in the reservoir. We measured temperature (°C) and dissolved oxygen (mg·L -1 ) at 1 m intervals throughout the water column using a temperature -dissolved oxygen probe. In addition, we deployed remote temperature loggers set to hourly recoding intervals at 1, 3, and 5 m below the surface and 1 m above the bottom in the deepest part of the reservoir from May to October each year. We measured surface turbidity (NTU) using a nephelometer.
The fish community of Twin Pots Reservoir contains a number of cold-water species (e.g., lake trout (Salvelinus namaycush) and kokanee salmon (Oncorhynchus nerka)) originating from historic stocking, recruitment from prior stocking, and illegal introductions, and is supplemented with annual stocking of rainbow trout (Oncorhynchus mykiss) and brown trout (Salmo trutta). Many of these other populations of fishes are naturally reproducing; thus, young-of-year and juveniles are available as prey for the largest predators. To establish baseline fish data and populate models, we sampled fish primarily via monofilament gill nets set perpendicular to shore (see Lester et al. 2009 ). Gill net sampling corresponded with limnology sampling events during the 2010 (monthly) and 2011 (biweekly) growing season (May-October). We set four nets on each sampling date, one within each quadrant of the reservoir. Benthic gill nets consisted of eight panels (3.1 m long × 1.8 m deep), each of different bar-mesh size (38, 57, 25, 44, 19, 64, 32 , and 51 mm), and we randomly set the nearshore end of the net (38 or 51 mm). The nearshore end was set in water at a depth of <2.0 m, and the offshore end was set 8.0-12.0 m deep, depending on location. As Twin Pots Reservoir is relatively shallow (<14.0 m), these net sets sampled the complete depth range of target species. To corroborate the hydroacoustics survey, we used vertical gill nets set immediately after the survey in addition to the nets set in each quadrant of the reservoir. Vertical nets consisted of two benthic nets stitched together and set in the deep areas of each basin in Twin Pots Reservoir. We modified these nets such that the total height of the vertical set approximately covered the entire water column (12.0-14.0 m), with each mesh panel of similar length and height (3.6 m wide × 1.5 m deep). We supplemented our fish catch with monthly angling and minnow trapping, May-October 2011. We identified, weighed (mass to nearest 1.0 g), and measured (total length; nearest 1 mm) all fish and released all live fish after tagging with a unique T-bar style anchor tag.
Prey density
We estimated the density of juvenile kokanee (number of fish·m −3 ) from a hydroacoustic survey completed during a new moon (25-26 July 2011), when prey fishes are most likely to be up in the water column and detected by the echo sounder. We defined prey fish as hydroacoustic targets calculated to be 50-150 mm in length. At Note: Fall (high water) measurements are made in October 2011 and represent an alternative state of fall during years when water is readily available. T, temperature; DO, dissolved oxygen; k, light extinction coefficient. Utilized volume is the amount of total reservoir volume that is available for lake trout and kokanee based on physiological constraints (T <17°C, DO >3.0 mg·L −1 ). DO probe malfunctioned during early summer sampling, but this event was prior to stratification so DO was not limiting. the time of survey, maximum depth was 12 m, but hypolimnetic dissolved oxygen (<3 mg·L -1 ) constrained fish to the top 7 m. We completed 10 nighttime transects on Twin Pots Reservoir over distances from 295 to 613 m with mean depths ranging from 6.9 to 10.5 m, and we evenly spaced the transects in the pelagic zone to cover a representative area of the reservoir. We completed surveys using a scientific echo sounder (model DE6000; Biosonics, Inc., Seattle, Washington) with a 420 kHz dual-beam transducer (6 × 15°), and the transducer was towed on a fin at a depth of 1 m while using Visual Acquisition processing software (Biosonics, Inc., Seattle, Washington) to record data. We received data at a rate of two pings per second traveling at a boat speed of 1-2 m·s -1 (2-5 km·h -1 ). Pulse width of the signal was 0.4 ms. We processed acoustic targets and density data using Biosonics Visual Analyzer software and only selected echoes that met the single-target shape criteria used by the analysis software to calculate target strengths and densities. We verified targets via pelagic set gill nets. We treated transects as replicates in the analysis to produce mean fish per cubic metre with 1 standard error and expanded density of prey fish (fish·m -3 ) into lake-wide abundance using reservoir volume.
As we did not have seasonal and diel acoustic data available, we estimated expected vertical distributions of prey fish from similar studies that accounted for seasonal temperature and dissolved oxygen limitations (e.g., Berge 2009; Hansen et al. 2013a) , as well as diel distribution and schooling (e.g., Beauchamp et al. 1997) . To account for diel distribution and schooling, we reduced daytime prey abundances to 10% of night estimates and crepuscular prey abundances to 33% of night estimates. When the reservoir was not stratified with suitable temperature and dissolved oxygen (>3 mg·L -1 ) conditions, we assumed prey fish to be (i) normally distributed in mid-water during early summer and (ii) evenly distributed throughout the water column as schools for day hours and as individuals for night hours and normally distributed during dusk as schools begin to disperse, during the fall period. When the reservoir was stratified (mid-and late summer), we assumed that prey fish behaviorally thermoregulate and that their distributions would be skewed towards the thermocline as schools or individuals dependent on diel period. For example, the optimal temperature for juvenile kokanee is 15°C (Brett 1971) ; thus, we would distribute the juvenile kokanee with the mode at the depth nearest 15°C and dissolved oxygen greater than 3 mg·L -1 .
Visual foraging
As a metric of prey fish availability, we modeled prey encounter rates (ER z,t , prey·h -1 at depth z and time t; see Beauchamp et al. 1999) as
where SV is predator search volume at depth z and time t and PD is prey fish (juvenile kokanee) density at depth z and time t. For this study, we modeled piscivorous lake trout (400 mm) at day, night, and crepuscular diel periods during typical early summer (June), mid-summer (August), late summer (September), and fall (October) time. We defined crepuscular as the 1.5 h period encompassing sunrise and sunset. We weighted hourly encounter rates by estimated temporal prey distributions and scaled to daily encounter rates based on day length for each time.
Search volume varied with predator swimming speed SS t (cm·s -1 ; mean SS Day = 29.5 cm·s −1 , SS Crepuscular = 23.5 cm·s −1 , SS Night = 4.0 cm·s -1 ; see Henderson and Northcote 1985) as where k is the calculated light extinction coefficient, and the turbidity multiplier (f(NTU); Hansen et al. 2013b ) is derived from
where NTU is field measured turbidity (see Table 1 for seasonal measurements of k and NTU values). We measured daytime light intensity (PAR) at 1 m intervals using a LI-COR radiometer (LI-COR, Inc., Lincoln, Nebraska) equipped with deck and sea sensors and converted to lux based on a conversion factor of 54 (Thimijan and Heins 1982) . We used crepuscular (50 lx) and night (0.005 lx) surface light intensities as defined by a previous study (Hansen et al. 2013a ).
Predator consumption and growth potential
To assess the foraging efficiency of predators, we estimated predator growth potential (g·day −1 ) and bioenergetic efficiency (proportion of maximum consumption, BioEff; Budy et al. 2013) using the Wisconsin Fish Bioenergetics model (Hanson et al. 1997) . We designated the modeled prey fish at the smallest size class distinguished using hydroacoustics (50-150 mm) and used 50 mm prey with a mass of 3.07 g during bioenergetic simulations. The mass of prey fish was based on a length-mass regression of juvenile kokanee (see Luecke et al. 1999) , which are abundant in Twin Pots Reservoir. Predator consumption was fit to bioenergetics from a light-dependent capture probability given estimated prey encounter rates as
where consumption C z,t (g·day −1 ) is the product of the probability of capture success P c (I z,t ) and encounter rate (Mazur and Beauchamp 2003) . However, other studies have indicated that predators consume 2%-24% of prey fish biomass encountered (Savitz and Bardygula-Nonn 1997; Baldwin et al. 2000; Hansen et al. 2013a) ; thus, in this study, we estimated consumption for both low (2%) and high (24%) capture successes based on capture probability and encounter rate. We modified consumption parameters in the bioenergetics model (consumption eq. 3) for lake trout to allow for a temperature-dependent relationship for maximum consumption (see Luecke et al. 1999) ; otherwise, we used the default settings (Stewart et al. 1983 ). As we modeled piscivorous lake trout to obtain a metric of predatory performance, we ran models with prey fish (kokanee energy density = 5338 J·g −1 ; Hewett and Johnson 1992) making up 100% of the simulated predator diet. Lake trout began simulations at a mass of 520 g and had a predator energy density of 7302 J·g −1 , based on a length-mass relationship for a 400 mm lake trout (Yule and Luecke 1993; Luecke et al. 1999) .
We calculated predator thermal history by averaging temperatures available in Twin Pots Reservoir within the suitable range of temperature (<17°C) and dissolved oxygen (>3 mg·L -1 ), where we also estimated prey fish distributions. We conducted simulations over 11 days (early summer = day-of-year (DOY) 160-170, mid-summer = DOY 222-232, late summer = DOY 253-263, fall = DOY 283-293) encompassing the day of abiotic field measurements ±5 days.
Results
Prey density
Prey fish abundance in Twin Pots Reservoir was 71 000 (±24 000; 1 SE). In a typical year, prey fish distributions were limited by seasonal water temperatures > 17°C and dissolved oxygen < 3 mg·L -1 (Appendix A). Average prey densities were lowest during daytime hours in early summer, when the greatest volume of suitable water was available. As water levels decreased and temperatures increased in mid-summer, prey densities became more concentrated; depth-specific, diel maximum prey densities ranged from 6.8 to 34.2 fish·1000 m -3 . We estimated the greatest susceptible prey densities (58.5·1000 m -3 ) during night in late summer, when reservoir water volume was lowest and the reservoir was stratified. During mixis in fall, prey fish were distributed across depths, and these densities were greater than in early summer.
Visual foraging
Turbidity had the greatest predicted effect on predator visual foraging efficiency and performance across diel and seasonal periods. Estimates of reaction distances varied during seasonal and diel periods (Fig. 3) . As all summer period turbidity measurements were less than 1.65 NTU, maximum reaction distances (maximum RD = 101.2 cm) were calculated during day periods when light was also not limiting (>17.8 lx). We calculated the shortest reaction distances during fall (greatest RD = 45.0 cm), when turbidity levels were about 10-fold greater than early summer (5.04 vs. 0.45 NTU). During crepuscular hours, we calculated maximum reaction distances during summer periods near the surface, which then decreased with depth. At night, light was limiting and all reaction distances were greatly diminished regardless of season.
Predicted prey encounter rates were directly related to prey fish distributions and, thus, affected by seasonal abiotic conditions (Fig. 4) . The greatest encounter rates occurred during late summer, again when prey fish were most concentrated by temperature, dissolved oxygen, and reservoir volume (maximum ER = 4.4 prey·h -1 ). As encounter rates are largely dependent on reaction distances and strongly influenced by turbidity, the lowest encounter rates occurred during the fall (maximum ER = 0.03 prey·h -1 ). Additionally, as reaction distances were highest during daytime, almost all prey encounters occurred during the day across summer seasons (93% of cumulative prey encounters), whereas daytime and crepuscular encounter rates were similar in fall. However, encounter rates were negligible in fall, and further, day length is shortest during the fall, which further reduced overall encounter rates. Under similar prey abundances, we predicted that a predator would encounter over 68 prey·day -1 during late summer (clear water, low reservoir elevation), whereas a predator would encounter <1 prey fish·day -1 under fall reservoir conditions (most turbid water; Table 2 ).
Predator consumption and growth potential
Estimates of predator consumption (g·day -1 ) from bioenergetic models paralleled the number of prey encountered from visual foraging models. Lake trout encountered between 1.3 and 209.3 g of prey biomass each day (fall and late summer, respectively). Assuming predator's capture success between 2% and 24% (Beauchamp et al. 1999) , maximum bioenergetic efficiency could be achieved by predators in all seasons except during the fall season (Table 3) . Predators would need a capture successes of 6.6%, 2.5%, 1.6%, and >100% (early summer, mid-summer, late summer, and fall, respectively) for all prey biomass encountered to reach maximum efficiency. At 2% capture success, simulated predators were most efficient during late summer (BioEff >1.0). Furthermore, these simulated, late summer predators were the only predators able to achieve positive growth at (0.25 g·day -1 ). In contrast, early summer (BioEff = 0.31) and mid-summer (BioEff = 0.72) season simulations resulted in conditions whereby predators lost mass (-1.33 and -0.21 g·day -1 , respectively).
On the other hand, even at a capture success of 24%, lake trout during the fall were not able to achieve positive growth (BioEff = 0.07; -1.24 g·day -1 ). In fact, positive growth could not be achieved even if these predators were allowed to consume all of the prey that they encountered (<1 prey fish·day -1 ; BioEff = 0.30; -0.65 g·day -1 ). However, during all other seasons, lake trout would reach 
Typical versus high-water year
In years when Twin Pots Reservoir volume is more stable during fall, predators in our model simulations were much more successful relative to typical years of dynamic and turbid fall conditions. During a high-water year, reaction distances were similar to those of typical mid-and late summer conditions and more than double that of a turbid, low-water fall (Fig. 5) . Although prey densities are greater at low water levels, encounter rates and, thus, consumption and growth rates are greater during a high-water fall ( Fig. 5 ; Tables 2-3). Modeled encounter rates during stable, high-water years were 40× greater than those of turbid, fluctuating years (maximum of 1.2 vs. 0.03 prey·h -1 ). Relative to other seasons, lake trout efficiency and growth was predicted to be lower during a fall season of high water levels; because the water column is not stratified during fall, prey are more dispersed, and overall prey densities are lower during these times. Yet, the model predicted that predators in high-water years would encounter significantly more kokanee (9.2 vs. 0.4 fish·day -1 ). As a result, these trout could achieve maximum BioEff between a capture success of 2% and 24% (15.2%, specifically) and, thus, potentially grow 0.72 g·day -1 .
Discussion
We used a multifaceted approach combining field measurements coupled with visual foraging and bioenergetic models to investigate how the performance and efficiency of predatory fish vary in reservoirs during typical, dramatically different seasonal water volumes. Our original hypothesis, that growth potential of sport fishes is greatest when water availability is greatest and reservoir volume fluctuates less dramatically, was confirmed. Modeled encounter rates were highest in late summer when kokanee densities were most concentrated and water was relatively clear. During fall, when depth-specific prey densities were relatively low and turbidity was highest, predator encounter rates were significantly lower. Furthermore, other physiological limitations (e.g., temperature) also affected predator-prey interactions. Based on these results, modeled lake trout, and likely other cold water piscivores, perform better in years when water levels fluctuate less dramatically across seasons.
In reservoirs where water levels fluctuate dramatically, turbidity is often the most important abiotic factor influencing predator efficiency and performance (Gregory 1993; Sweka and Hartman 2003) , although other factors (e.g., temperature, reservoir volume) also limit predators. Highly turbid conditions reduced prey encounter rates. In this study, the most turbid conditions and, thus, least optimal foraging conditions occurred when temperatures were closest to optimal for predators, but predators could still not meet energetic demands. Some predators increase foraging effort and thus energy expenditure, as prey encounter rates decrease, potentially exacerbating the effects of low consumption rates under high turbidity conditions (Jönsson et al. 2012) . During clearest water conditions, search volumes were greatest, and thus lake trout could most easily find prey, if present, consistent with previous studies (VanLandeghem et al. 2011 ).
The activity of many fishes varies over diel cycles, and depending on peak activity of predator and (or) prey, some variability of encounter rates was unsurprisingly not explained by the models used in this study (Helfman 1986; Boujard and Leatherland 1992) . During the daytime, our model predicted maximum reaction distances to occur throughout the entire water column. Therefore, reaction distance was not a limiting factor if fish were actively feeding during the day. However, fish are often more active at dawn and dusk (Helfman 1981; Løkkeborg et al. 2000) . Additionally, trout optic nerves increase underwater polarization of light during crepuscular times, improving visual acuity (Flamarique and Hawryshyn 1997) . Nonetheless, for this study, we assumed that lake trout were most active during the day, slightly less active during crepuscular periods, and relatively dormant at night. In larger waterbodies such as Lake Superior, lake trout track their prey through diel vertical migrations to maximize fitness Jensen et al. 2006) . However, in the much smaller Twin Pots Reservoir, prey migrations were likely limited by overall habitat (e.g., maximum depth = 13 m) and abiotic conditions (e.g., dissolved oxygen); thus, schooling of kokanee was considered the most important means of predator avoidance for our analyses.
Distributions of both predator and prey are often influenced by preferred physiological conditions and habitats (Vanderploeg et al. 2009 ). Pelagic prey inhabit lower light levels, at greater depths, to avoid predators (Clark et al. 2003; Rick and Bakker 2010) . Herein, mid-and late summer thermal regimes likely restricted habitat availability and thus limited the ability of prey to escape (Helland et al. 2007; Ludsin et al. 2009; Arend et al. 2011 ). As such, predator Fig. 4 . Predictions of cumulative hourly encounter rates (horizontal bars; prey·h −1 ) for lake trout (Salvelinus namaycush) and average kokanee salmon (Oncorhynchus nerka) density (line; prey·1000 m −3 ) over diel periods during the four different reservoir states in Twin Pots Reservoir, Utah. All panels are scaled from 0.0 to 8.0 on the bottom x axis, with only fall consisting of a break from 0.1 to 3.0. Gray boxes at the bottom of each panel represent the bottom of the reservoir; the white area indicates inhabitable reservoir volume; during early summer, maximum depth was 13 m. Note: **, BioEff estimated to be maximum efficiency at 24% capture success, thus growth potential will be maximum as well. a Assumed median temperature for predators to persist under thermal conditions. b BioEff estimate for predator consuming all prey biomass encountered during turbid fall conditions. c Potential growth estimate for predator consuming all prey biomass encountered during turbid fall conditions. Reservoir, Utah. Low-water conditions are significantly more turbid than high-water conditions. Gray boxes at the bottom of fall (low water) represent the bottom of the reservoir; the white area indicates available reservoir volume; during a high-water fall, maximum depth was 11 m.
performance effectively increases, as represented by modeled encounter rates. However, piscivorous trout could experience decreased foraging success in late summer, contrary to our predicted outcomes (e.g., Hansen et al 2013a) . Increased predator densities could have negated the ability of prey to escape to other habitats through schooling effects (Turesson and Brönmark 2007) . Additionally, during a typical, low-water year in Twin Pots Reservoir, a lake trout's foraging efficiency is likely limited by turbidity in fall, and these predators are unable to take advantage of more suitable temperature and dissolved oxygen conditions. However, when turbidity is not a limiting factor, for a high-water year in Twin Pots Reservoir, lake trout are able to achieve the highest potential growth of all seasonal periods. This assumption is bolstered by empirical and anecdotal field observations of piscivorous trout exhibiting relatively high body condition in Twin Pots Reservoir during late summer and early fall. This study improves upon our understanding of how fluctuating reservoir states and associated abiotic factors (e.g., turbidity) influence predator foraging efficiency. Our simulations are based on empirical observations of the physical states of the reservoir. However, improved field estimates of predator growth or measured consumption could improve our inference of bioenergetic scenarios. Nonetheless, fitting the model for estimated consumption and relying on relative, rather than absolute, comparisons of growth is a valid alternative, especially in a variable environment . In addition to other potential limitations, by selecting the smallest prey (50 mm), we could have underestimated the overall number of prey fish consumed. Based on the selected prey fish and length-mass relationship, a predator predicted to consume approximately 18 g of prey biomass could potentially consume one 150 mm prey or six 50 mm prey. Prey size affects the rate of digestion and foraging pattern in general and would influence real-time consumption capabilities (Legler et al. 2010) . However, these differences in potential prey sizes would only be important during periods of low encounter rates (e.g., turbid, low-water fall), when a single encounter between big or small prey fish and a predator could significantly affect consumption, BioEff, and overall predator performance.
To compare reservoir physical states, we held pelagic prey fish abundance constant for each season. However, our results suggest that prey density can affect visual foraging, especially in less turbid conditions, when search volumes and thus encounter rates are greater. Furthermore, kokanee abundances and recruitment can vary annually as a result of predator-prey and environmental conditions (e.g., Beauchamp et al. 1997) . Little is known about interannual prey density fluctuations in Twin Pots Reservoir, but connection to an upstream reservoir could supplement prey when water is flowing. Additionally, recruitment strength of year classes can be a function of hydrology. In East Canyon Reservoir, Utah, rainbow trout recruitment increases when higher water levels provide inshore cover and habitat (Tabor and Wurtsbaugh 1991) . In this study, the hydroacoustic survey took place in mid-summer during a high-water year, which was immediately preceded by an extremely dry year. Thus, we estimated a relatively high density of small prey fish (50-150 mm). These prey densities could be much lower in a low-water year, depending on the availability of upstream inputs and (or) spawning habitats.
Our study simulated foraging efficiency and fish growth potential at four distinct reservoir states and has important implications for reservoir management. Decreased snowpack and periods of drought as a result of climate change may dictate future water use. Many western reservoirs already undergo dramatic seasonal fluctuations dependent on water availability, and smaller (<200 ha) reservoirs are increasingly vulnerable to rapid change. During a typical, low-water year in fall, reservoir height of Twin Pots Reservoir and similar reservoirs can increase by as much as 2 m·day -1 when agricultural water use ends. These refill events can increase turbidity five-fold and greatly affect temperature and dissolved oxygen, which can stress fish populations. Second, foraging success of visual predators in these reservoirs is highly susceptible to changes in water quality and level. For example, in Twin Pots Reservoir, predator encounter rates in late summer can be 50 times greater than those of a low-water fall. Alternatively, these late summer encounter rates are only approximately 2.5 times greater than those of a high-water fall. Third, interactions between water level, turbidity, and thermal regime and prey availability and reaction distance can structure how sport fish respond to seasonal and diel fluctuations. Our models predict that prized sport fish can gain (almost 1 g·day -1 ) or lose (over 1 g·day -1 ) significant body mass depending on how turbidity and prey densities influence prey encounter rates. Thus, water users need to understand the potential for adverse fish effects resulting from water level fluctuations. Communication between fisheries managers and these water users is important to efficiently achieve cost-effective goals of both groups.
For fisheries, managers can assess the consumptive pressure on prey and adapt either stocking plans or fishing regulations, or possibly even the timing and speed of reservoir drawdown and fill, accordingly. Furthermore, it is often pivotal that management actions adapt to individual reservoirs (Martin and Pope 2011) . The same abiotic factors that vary seasonally can also vary spatially, and blanket strategies are less applicable for highly variable standing waters such as western reservoirs (Lottig et al. 2011; Sadro et al. 2012) . The ability to integrate water demands and biotic response into management plans can benefit lakes and reservoirs both for anthropogenic use and for ecological integrity, either of which may be overlooked as a singular entity (Cowx and Aya 2011) . Fig. A2 . Estimated vertical distribution of prey fish (50-150 mm total length) from hydroacoustics surveys at seasonal reservoir states during day, crepuscular, and night periods in Twin Pots Reservoir, Utah (horizontal bars). Dark gray boxes at the bottom of each panel represent the bottom of the reservoir; the white area indicates available reservoir volume; maximum depth was 13 m during early summer, 12 m during mid-summer, 7 m during late summer, and 8 m during fall. 
